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following errors in the application: 

In the published application, the following paragraphs should be amended to show a format 
of the identifiers as they appeared in the application as filed: 

[0034] FIG. 2 is a schematic diagram of an undirected graph 18 that represents the 
network shown in FIG, 1 . The graph 18 is used for computing paths through the 
network 8. All of the NEs 10/SNEs 11 and links 12 that are represented (by 
corresponding nodes 20, and edges 22) have capacity available to transport traffic at 
a predefined rate. Each NE 10/SNE 1 1 is represented by a node 20 (or vertex), and 
each link 12 is represented by a corresponding edge 22 (only 3 of which are 
labeled). In the description that follows, particular nodes are identified by their 
labeled letter (e.g. node c, node d), and edges are identified by the labeled letters of 
the two nodes connected to the edge in either order (e.g. edge ge). Likewise a path 
through the graph 18 is a sequence of labeled letters where each adjacent pair of 
letters corresponds to an edge of the graph. An adjacent node to a node n is a node 
m for which an edge nro exists. 
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[0036] Several examples of subset sequence constraints are encountered on data 
transport networks having a subnetwork 14 as described above. A first constraint is 
called subset intransitivity. The restriction imposed by subset intransitivity is that 
no path may include two consecutive edges between three nodes in the serial 
restriction group. To make this limitation more clear, consider the graph 18 shown 
jn FIG. 2, the serial restriction group b,c,e,f contains 6 edges 22: be, be, bf, ce, cf, 
and cf According to the subset intransitivity, the paths abce, bef, bebade are not 
allowable; whereas bace, abeda, bedee, and bcadce are allowable. It will be noted 
that paths that fail this rule conspicuously include three consecutive members of the 
serial restriction group. 

[0038J There are stronger restrictions that may also be imposed on allowable routes 
in data transport networks. For example, in accordance with another, stronger, 
subset sequence constraint, no two adjacent subnetwork links may be a part of the 
path, in sequence, though not necessarily consecutively. In other words, if x,y,z are 
in the same subnetwork, a path that contains xy and then later yz, is not allowable. 
Because optional routing naturally precludes self intersecting (looping) paths, the 
stronger constraint is effectively equally well expressed as follows: no path can 
contain xy and yz, because any path containing yz..xy is looped. According to this 
subset sequence constraint the following are not allowable paths: a bce , bedee, 
ecdfbacf, bcadce: whereas abedf, ecdfb, cbacf (although this path may not be 
chosen by any optional routing algorithm because of the loop at node c) are 
allowable. 

[0041] FIG, 4 schematically illustrates a graph 19 representing the network 
illustrated in FIG. 3, with edge weights likewise assigned The graph 19 includes 
nodes b,<^d,e in a first serial restriction group associated with the first 
subnetwork 14a, and nodes g,Il44> which are in a second serial restriction group 
associated with the second subnetwork 14b. 

[0053] Two examples of the method described above are presented. Assuming the 
root node is node a of FIG. 2, the procedure begins by assigning a weight of 0 to 
label Li(a), and a path of {a}. The node a is then permanently labeled and label 
Li(a) is removed from the priority queue. After the procedure completes processing 
of a, the adjacent nodes are respectively labeled; i.e., Li(b)=(l,{ab}), 
L t (c)=(5,{ac}), and Li(d)=(4,{ad}). The processing of a is now complete, and of 
the labels in the priority queue, label Li(b) has a lowest cost (1). 
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[0054] Accordingly, the label Lj(b) is made permanent and processed next. As 
node b is in the serial restriction group, it has a backup label that happens to be 
initialized. Because the restriction flag is not set at node b, the backup label is 
removed from the priority queue. The labels of nodes adjacent to node b include 
c,e,f, and the already permanent node a. Accordingly, c^f, are labeled as 
Li(cH2,{abc})> Li(e)=(6,{abe}), and Li(f)= (5,{abf})> respectively. Because node 
b is in the serial restriction group, and node c, and node e are also in the serial 
restriction group, the former primary labels of node c and node e are saved as 
backup labels. Accordingly, label L 2 (c)=(5,{ac}), and the initialized values of label 
L L (e) and label Li(f) are stored as the label L 2 (e) and label L 2 (f), respectively. 
Further the restriction flags are set at each of nodes c,e,f, to preclude the extension 
of the primary labels to another member of the serial restriction group. 

[0055] The procedure iterates making node c permanent but because the restriction 
flag is set at node c, the backup label for node c remains temporary, permitting the 
procedure to return to node c, if and when the backup label identifies a least cost 
path called, herein a secondary path. Processing the primary label of node c 
involves updating labels of nodes d,e>f. The primary label of node d is updated as 
the cost of the path through node c is 3, which is less than the existing path ad with a 
cost of 4, i.e. label L!(d)=(3,{abcd}). The path abed is allowable because node d is 
not a member of the serial restriction group. Paths abce and abef are not allowable 
by the subset intransitivity (and by the stronger subset sequence constraint) and 
accordingly neither of these labels are changed. Specifically, because the serial 

restriction flag set at node c, node e and node f are not updated. 

i 

[0056] In a next iteration, the label at node d is made permanent. The nodes c and f 
are the only nodes adjacent to node d that have labels in the priority queue. The 
backup label of node c, and the primary label of node f may be subsequently 
updated. The primary label of node f is changed to the label L!(f)=(4,{abcdf}). 
Because node d is not in the serial restriction group, the primary label path is now 
extendible to a node in the group. Accordingly, the restriction flag at node f is 
unset, and the backup label at node f is reinitialized. The procedure will not update 
label L 2 (c) with the path abede if the subset sequence constraint is the stronger 
constraint, but will update label L 2 (c) if the subset sequence constraint is subset 
intransitivity. In this example, the subset sequence constraint is the stronger 
constraint, and accordingly the backup label of node c is not updated, specifically 
because node c is in the path of the label of node d. 
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[0057] It will be noted that if the subset sequence constraint is subset intninsitivity, 

the resulting labels (in the order in which they are processed) are; Li(a)=(0>{ a })> 
Li(b)=(l,{ab}), L!(c)= (2,{abc», Li(d)=(3, {abed}), ^©^{abede}), 
Li(f) == (4,{abcdf}) 5 LjCeMS, {abedee}), and LifeMMabcdIg}). When the 

procedure ends a backup label at node e (i.e, !<>(£)= (7,{abcdfge})) remains in the 

priority queue, 

10058] The labels in the priority queue are now as follows: Li(f)=(4,{abcdf}), 
L 2 (£)=(5,{abc}), L x (e)= (6 s {abe}), and initialized labels L 2 (e), L 2 (f), L,(g), and 
L 2 (g). Consequently the next Jabel chosen is at node f. The backup label of node f 
is dropped because the restriction flag at node f is unsej, and the label Li(f) is made 
permanent. The adjacencies of node f with impermanent labels are node e and node 
g. Accordingly the corresponding labels are updated as follows: i(e)HMabcdfe}), 
and Li(g)=(6,{abcdfjg}). The restriction flag remains set at node e, and the 
(initialized) backup label of node e is unchanged. No restriction flag is defined for 
node g as node g is not in the serial restriction group. 

[0059] The label ^(c) is next made permanent, but the only impermanent label of 
an adjacent node (e) already has a lower weight (5), and accordingly is not changed. 
Next the primary label of node e is made permanent but as the restriction flag is set 
at node e, label L 2 (e) is retained in the priority queue. The only label in the priority 
queue of a node adjacent to node e, is node g. When label L x (g) is updated, no 
change takes place because of an equal cost. Finally ^ the label of node g is made 
permanent, label L 2 (e) is updated to label L 2 (eH7,{abcdfge}) and the procedure 
ends. 

[0061] The second network 9 provides another exeiriplary graph 19 to which the 
illustrated method may be applied. The second graph 19 has two serial restriction 
groups, each associated with a respective subset sequence constraint. It will be 
noted that the two serial restriction groups are disjoint, and independently preclude 
allowance of respective paths. Starting again with a jnode a, the primary label of 
node a is made permanent, and the primary ; labels Li(b)=(l,{ a k}) and 
Li(£)=(3,{ac}) are updated Subsequently, label Lj(b) is made permanent, its 
backup label is dropped, and label Lj(d) is set to (3,{abd}). The restriction flag is 
set at node d, and its backup label is effectively reinitialized. The primary label at 
node c is not of a higher cost than a path through node b extended to node c via be, 
and so label Li(c) is not changed In a next iteration^, the label at node c is made 
permanent, its backup label is removed from the priority queue, and primary labels 
of node f and node e are changed to Lr!(f)=(5,{acf}), and L x (e)=(4,{ace}), 
respectively. The restriction flag is set at node e. Neither label Li(d) nor label 

i 
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L 2 (d) is changed when node c is processed because node d has a lower cost primary 
label than that of the path through node c, and because the path through node c is not 
allowably extended, the secondary path to node d cannot be updated. In a next 
iteration the primary label at node d is made permanent, its initialized backup label 
is retained, and no adjacent label is updated because the; restriction flag is set at node 
dL, and the only impermanent label of an adjacent node is at node e, which is in the 
same serial restriction group as node d. 

[0062] A next iteration makes the label at node e permanent. The backup label at 
node e is retained in the priority queue. The backup label at node d is not updated 
because aced is not allowable and the restriction flag is set at node e, and node f is 
not relabeled by the update because it already has ia lower cost route than an 
extension of the path through node e. However, the iprimary label of the path to 
node g is set to (5,{aceg|). While the subset restriction flag is set at node e, and 
node g is in a serial restriction group, the path is still permitted because node e and 
node g are in different serial restriction groups (corresponding to subnetworks 14a 
and 14b, respectively). The primary label of node f is the next label made 
permanent, resulting in node h being updated,! which receives a label 
L i(fe) = (7,{acfh}). The backup label of node e is also updated and changed from the 

initialized value to (8,[acfeJ). ! 

i 

[0063J In a subsequent iteration, the primary label of node g is made permanent, its 
backup label is dropped, and node i, and node £ are relabeled as follows: 
Li(XK8,{acegi}) L^K^facegJ}), and restriction flags are set at both of these 
nodes. Node h is also updated so that the restriction flag is set, and the labels are 
changed as follows: I*(]i)KM*££giL})> and L 2 (^T( 7 >{acfk}). Depending on 
whether the subset sequence constraint is the stronger constraint or subset 
intransitivity, label L 2 (e) is not updated, or is updated to (6,{acege}). In this 
example, the network is subject to the stronger subset sequence constraint. 

[0064] At this juncture, the priority queue contains the following labels: 
Li(h)=(6,{acegh}), L 2 (h)=(7>{acfli}), L 2 (e)-(8,{acfe}| [alternatively (6,{acege}), if 
merely subset intransitive], LjQM^iacegi}), L x (X>=(?,{acegi}) and backup labels 
of nodes d, i and i are initialized. In a next iteration, the primary label of node h is 
therefore made permanent, but no labels can be updated as all impermanently 
labeled nodes adjacent to node h are in the same seriajl restriction group as node k, 
and the restriction flag is set at node The backup lajbel of node h is subsequently 
made permanent, and node h is processed again [via a secondary path acfli. 
Subsequently the primary label of node | is j updated as follows label 
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In(JMM*£Qli})> and the restriction flag remains set ait node i because node h and 
node i are in the same serial restriction group. The primary label of node i is also 
updated but results in no change- j 

i 

[0065] The backup label of node e is next to be majde permanent (if the subset 
sequence constraint were subset tntransitivity, the order in which labels Li(h), 
L 2 (h)and L 2 (e) are processed is different, but nothing else changes viz. primary 
labels). Label L 2 (d) cannot be updated as the path acffed (or equally aceged) is not 
allowably extended to a node in the serial restriction group. The primary label of 
node i is next made permanent; its initialized backup label is retained, and again no 
other label can be updated because of the restriction flag set at node i. Lastly node x 
is made permanent, its still initialized backup label is also retained and the priority 
queue contains only backup labels for nodes d, J, and The procedure therefore 
ends. 

In addition, the following amendments should also be made: 

In paragraph [0063], line 4 "{eg}" should read -{ acegj }-; line 6 M {aceh}" should 
read -{acegh}--. In paragraph [0064], line 2 M {aceh)}) M should read --{acegh})-; line 4, 
M L!(i)=(9 h should read -Li(j)=(9 and "L,(i)=(8, {acf j})" should read --L^KM^})-- 

To facilitate in understanding the amendments requested, a copy of the published application is 
enclosed showing the errors. 

While republication of the application is not required, the Office is hereby requested to correct 
this error in the Office records, and confirmation that this error has been corrected is requested. 



Yours very truly, 




Max R. Wood 
Reg. No. 40,388 
Agent of Record 

MRW/ma 
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optimal among the paths to nodes out side of the tree; and if 
the path to the node cannot be extended to a node in a serial 
restriction group thai includes some of the nodes in the 
graph, re-including the node through a secondary path to the 
node that can be extended to a node in the serial restriction 
group, when the secondary path is most optimal among the 
paths to nodes outside of the tree. 

BRIEF DESCRIPTION OF TH£ DRAWINGS 

[U023] Further features and advantages of the present 
invention will become apparent from the following detailed 
description, taken in combination with the appended draw- 
ings, in which: 

[0024] FIG. 1 is a schematic diagram representing a mesh 
connected network that includes a subnetwork; 

[0O25] FIG. 2 is a schematic diagram illustrating a 
weighted graph representing the network shown in FIG. 1; 

[0026] FIG. 3 is a schematic representing a second mesh 
connected network that includes two subnetworks; 

[0027] FTC 4 is a schematic diagram illustrating a 
weighted graph representing the network shown in FIG. 3; 
and 

[0028] FIG. 5 is a flow chart illustrating principal steps 
involved in computing least cost paths through a weighted 
graph. 

[0029] It should be noted thai throughout the appended 
drawings, like features are identified by like reference 
rjumerals. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0030] The invention provides a method of deriving an 
optimal allowable route through a network of network 
elements (NEs) interconnected by links, where the allowable 
route through the network arc subject to a subset sequence 
constraint that forbids certain sequences of NEs (or their 
links) with respect to membership of the NEs in a serial 
restriction group. The method permits optimized routing 
across networks that have intransitive serial restriction 
groups, such as networks having abstracted subnetworks, 
and other restrictions. 

[0031] FIG. 1 schematically illustrates a network 8 of 
network elements 10 (NEs), including subnetwork elements 
SNEs 11 interconnected by links 12. Respective NEs 10 and 
SNEs 11 arc identified as NEa,SNEb, . . . NEg. The network 
8 includes a subnetwork 14 encompassing SNEb, SNEc, 
SN£e, and SNE£, and six links 12 interconnecting these four, 
which have of darker line weight for easy identification. It 
will be recognized by those of skill in the an that the 
subnetwork is a completely interconnected (Le. full mesh) 
subnetwork, 

[0032] As stated above, routing constraints and continuity 
conditions of subnetwork 14 impose limitations on allow- 
able paths that pass through the subnetwork 14, and, in 
particular, introduce a subset sequence constraint (Le. a 
limitation on allowable paths through a network that 
depends on a sequence of SNEs 11 in the subnetwork 14). 
The subnetwork 14 may not correspond directly to the 
topology of an underlying physical subnetwork, for various 
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reasons. A method Cor computing metric information on 
such subnetworks is described in co-pending, co-assigned 
VS. patent application Ser. No. 10/718,681 entitled 
METHOD AND APPARATUS FOR COMPUTING MET- 
RIC INFORMATION) FOR ABSTRACTED NETWORK 
UNKS, filed on Nov. 24, 2003 which is incorporated herein 
by reference. "J 

[0033] A route sclcctcm processor 16 is shown residing in 
a N£a 10 of ihe network 8. The route selection processor 16 
includes hardware and] software for executing a process in 
accordance with the invention. The route selection processor 
16 could also be located at any other location in the network 
8, or a network management system known in the art. 

[0034] FIG. 2 is a schematic diagram of an undirected 
graph 18 that represents the network shown in FIG. 1. The 
graph IS is used for computing paths through the network 8, 
All of the NEs 10/SNEs 11 and links 12 thai are represented 
(by corresponding no&es 20, and edges 22) have capacity 
available to tiansportjiraflc at a predefined rate. Each NE 
10/SNE U is represented by a node 20 (or vertex), and each 
liny 12 is represented hy a corresponding edge 22 (only 3 of 
which are labeled)- Injbe description that follows, particular 
> are identified by their labeled letter (e.g. ixK^^lode 
kvd edges are identified by the labeled letters onftc£u(o 
__ des connected to thje edge in either order (e.g. edgfoejj 
likewise a path mroWb the graph IS is a sequence of 
labeled letters where! each adjacent pair of letters corre- 
sponds in anjyjge of me graph. An^tjacent node to a node 
n is a nod^mmr whicr/an edg<f nm,e^asts. 



[0035] The nodes 20 thai represent NEs of the subnetwork 
14, are underlined to indicate membership in a serial restric- 
tion group. The serial rcstriction group is defined as a subset 
of the nodes 20 (i.c. {fc,c,e,f}) that are used to identity paths 
that are not allowable! because of a subset constraint. 



[0036] Several examples of subset sequence constraints 
are encountered on data transport networks having a sub* 
network 14 as described above. A first constraint is called 
subset mlransilivityJllhe restriction imposed by subset 
m transitivity is that no path may include two consecutive 
edges between three cjodes in the serial restriction group. To 
make this limitation nSore clear, consMe^ih&graph 18 shown 

in ^Ci. V*»» f^nrrinn ^i^Ctf^ j Pi/^ntam^ 6 edge* 

Sing to the subset 
are not allowable; 

whereaTbaceJ^t^;^ allowable. It 

will be ^ETco^fcsnJa^ conspicuously 
include three consecutive members of the serial restriction 



[0037] As used herein, a first and a second node are 
•'sequential" or h m sequence" in a path if the first appears 
before the second. Not-adjacent nodes in a path may be said 
to be sequential with respect to an order of the nodes. 
Similarly edges ab, and be are said to be sequential in a path 
if ab and be are included in the path, and ab appears (not 
necessarily directly), tefore be. 




[0038] There are stronger restrictions that may also be 
imposed on allowably routes in data transport networks. For 
example, in accordance witb another, stronger, subset 
sequence constraint, bo two adjacent subnetwork links may 
be a part of the paM in sequence^jhajigh not necessarily 
consecutively. In other words, (rx,yjffire in the same 
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subnetwork, a path that contain/xy^nd then lalcr^z^b nol 
allowable. Because opiioaal rowrngnatru-aUy prcttrmcs self 
intersecting (looping) paths, the stronger constraint is effec- 
tively coually well expressed as follows: no^aikcan contain 

/x^ii<f^pbe cause any path contafningyz^ . xyjk looped 

S^^ratSg to this subset i 
are not 
wheretf 

ehoserj i5y^n?tJpftdr^TTJtiuiig algorithm because of the 
loop at nod£>c)\re allowable, 

[0039] A still stronger subset sequence constraint that can 
be accommodated using a variant of the method described 
below, is a restriction that no two links between any mem- 
bers of a serial restriction group can be included in a path. 
In other words, no path may include three consecutive nodes 
in the serial restriction group, or any two pair of consecutive 
nodes in the serial restriction group. Other restrictions can 
aJso be enforced by a rule or an explicit list of allowable 
paths, if required. A clear rule for detcrrnining which paths 
are allowed, and which are allowably extended to another 
node in the serial restriction group, are required by the 
procedure described below, and in order to ensure optimal- 
ity, the process requires that rhc subset sequence constraint 
is mono tonic (any extension of a path through the graph is 
not allowable, if the path itself is not allowable), and that 
allowability is not dependent on more than a two nodes in 
the path. Of course the inveclioQ can be adapted Lo handle 
more intricate constraints. 

[0040] FIG- 3 schematically illustrates a second network 
9 for use in illustrating the invention. Network 9 includes 
two subnetworks \la,b, a first of which (14a) includes NEb, 
Ntc, NEd, and NEe, and five links 12 inicrconnecling these 
four to each other, and a second subnetwork 14b including 
NEg, NEh, NEi, and NEj, and the corresponding six links 
12. The first subnetwork 14c is full mesh connected save one 
linkbecweeu NEb and NEe, and the second subnetwork 146 
is full mesh connected. The elements of the subnetworks 
14*2,0 are shown with a darker line weight for easy identi- 
fication- 

[0041] FIG. 4 schematically illustrates a graph 19 repre- 
senting the network illustrated in FIG. 3, withe 
likewise assigned. The graph 19 includes notes b,c,d,e)a a 
first serial restriction cj f Oju^sociatcd with thVfirat-Slibnel-. 
work 14fl,*and nodctg,b,ij^rrich are in a second serial 
restriction group assoctate^with the second subnetwork 
14& 

[0042] The invention provides a method for determining 
an optimal route through a network that is allowable in 
accordance with any subset sequence-coastraint in the path. 
The method is generally modeled after the well-known 
Dijfcstras algorithm, which identifies least-cost paths to ail 
of the nodes from a given root node for a positively weighted 
graph. Effectively, Dijkstra's algorithm constructs a tree 
rooted at the root node that spans a weighted graph. The tree 
is constructed by iteratively expanding the tree to include a 
node Tor which a path from the root tn the node is Optimal 
among the paths to nodes not in the tree. Optimality is 
determined with respect lo an optimization parameter com- 
puted using weights of the edges of the graph. The optimi- 
zation parameter is typically computed as a sum of the 
(additive) weights of the edges in the path, although it may 
be a minimum or maximum of a (convex) weight of the 



edges in the path, or may be computed otherwise. Herein- 
after the optimization {parameter will be assumed to be a 
"cost", wherein the weights arc additive and lower costs are 
more optimal. The weight of the edges is associated with 
metric information reltuing to resource availability in the 
network. •] 

[0043] Procedurally,] Dijksrra's algorithm starts with a 
permanently labeled root node (which is assigned a path 
conlaining only an identifier of the root node, and a null 
cost), and for every nofle adjacent to the root node, a weighi 
of an edge connecting (the root node to the adjacent node is 
used to assign a lenrporary label to the adjacent node. The 
label includes the path of the toot node extended to the 
adjacent node, and a cost associated with the label is a sum 
of the weight of the etJgc and a cost of the path of the root 
node. The temporary libel with the least cost is then selected 
and made permanent. Wl of tbe temporarily labeled nodes 
adjacent to the node that is permanently labeled are updated 
to ensure that the paJh to the temporary labeled node is 
optimal That is, if a Isum of the cost associated with the 
permanently labeled -jnode and the weight of an edge 
between the permanenily labeled node and an adjacent node 
has a lower cost lharJ a cost associated with the adjacent 
node's current tempotf ~ 
the root node and 



permanently labeled 
current temporary label 
a label identifying a ] 
identified by the 
appended thereto. ' 
and make permanent \ 
Once all of the i 



label, a lower cost path between 
| node adjacent to the most recently 
node is available. Accordingly, the 
1 of the adj accnl node is replaced with 
ath that is equal in cost to the path 
anent label with the adjacent node 
I procedure is then reiterated to select 
l temporary label having a least cost, 
are permanently labeled, least cost 
paths are identified by each label. Making the labels per- 
manent is the way in which the tree is iteratively expanded 
to include nodes in tbe graph, until all of the nodes arc 
permanently labeled, j 

[0044] In accordance with the invention, the subset 
sequence constraints on allowable palbs are compensated for 
by precluding the temporary labeling of paths that are not 
allowable, and a ddmgj backup labels for each node that may 
potentially have different primary and secondary optimal 
paths. A primary parb is a least cost path to the node. A 
secondary path is a least cost path to the node that can be 
extended to any other adjacent node, given a subset 
sequence constraint. Xb accordance with the present embodi- 
ment, a serial restriction group is defined to facilitate iden- 
tification of allowablejpaths and paths that are allowed to be 
extended. Additionally, a restriction flag for each serial 
restriction group can be set at any node in tbe serial 
restriction group, to expedite the process. Nodes that are not 
in a serial restriction' group, do not require backup labels or 
restriction flags. The method provides the backup labels so 
that if a least cost pith lo a node in the serial restriction 
group is allowable, bill cannot be extended to another node 
in the serial restriction group, a backup label is stored that 
identifies a higher cosjt path that can be extended to a node 
in the serial restriction group. The backup labels permit the 
tc -inclusion of nodes m the tree via a secondary path that can 
be extended to another node in the serial restriction group. 

[0045] The method! described with reference to FIG. 5 
compensates for the subset sequence constraint on allowable 
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cost, arid this may be determined prior to the comparison in 
step 86. If the new path is of a lower cost, the restriction flag 
at node m is unset, the label l^fa) is reinitialized (step 84), 
and the procedure advances to step 80, where the label L^m) 
is replaced with a label thai identifies a lower cost new path 
through node D- If the new path is not less costly than the one 
identified by ihe label L^rn), it is determined (step 86) 
Whether the new path is less COStly than the path identified 
by the label La(m). If the new path is found to be at least as 
cosily as the one identified by the label L^m), the procedure 
returns to step 60 without updating any label of node m- On 
the other hand, if the new path is less cosily than a current 
secondary path to node m, (the path identified by the label 
L^m)), one of two procedures for changing the label L-(oi) 
is' applied, in dependence on whether the subset sequence 
constraint is subset intransitivity or a stronger constraint- If 
the process only compensates for subset intransrdvity, the 
procedure advances to step 88 wherein the label Ln(ni) is 
replaced with a label identifying the new path, and having 
the corresponding lower cost, before the procedure returns to 
step 60. If the process compensates for the stronger subset 
sequence constraint, the procedure advances to step S7 in 
which it is determined whether the path identified by the 
label L(n) contains node rn. If node m is in the path to node 
n, the prc>ccdure precludes the updating of the secondary 
path to node m, and in this way avoids a looping path. If 
node m is determined not to be in the path to node n, the 
procedure advances to step 88. 

[0053] Two examples of the method described above are 
presented. Assuming the root node is node a of FIG^^ifec 
procedure begm^fey assigning a weight of 0 to labe Q^aj y 
and a patfpalfiaO^c node a is then permanently labeled 
and lab^fL^aV^rernoved from the priority queue. After the 
piocedureXornpletes p^ggsjpg nf a , Jhe^jaceAt nodes are 
respe^rizcly^^ {bJW^^-(5, {ac}V) 

ff*^ ^4 ? {ad}jj Tbc p toiui&lng cn^isTggc ^c^plutT 
and ot inti lubcL Tolhe priority queue, ! 
lowest cost (1). 

[0054] Accordingly, the latel j£(b))is made permanent 
and processed next. As nod/bj^sNa^uie serial restriction 
group, it has a backup label Uiat happens Inhe ^initialized. 
Because ihe restriction flag is not set at nod^X/he backup 
label is removedfrom the prj^aiy queue. The raoels of nodes 
adjacent to iioc^^b^nclnjfc^r^d the ate ad y pctrm a nrD t 
nojje^^r^ 

T^cMd, (abem Wft^lMS, {abfmtc^errJv^ 
Un the scrtal-ais a ' iiliuu gr oup, and noddQcJ 
and node e arc also in the serial res ectio n group, the former 
primary labels of nodd Qand nodfT^re saved as backup 
labels. Accord in/ 
i of labc^Lj 
2 (e)^nd label 

fare set at eacti~6"f na&*^e£^ 
of the primary labels to another 
restriction group. 

[0055] The procedure iterates making nu6^C$crmanenl 
but because the restriction flag is set at noaVcpbe backup 
label for node c remains temporary, pe^dm^tnc procedure 
to return to nodfcyiT and when the backup label identifies 
a least cost path called, herein a secondary path. Processing 
&£nrirDary label of node c involvp^updating labejs of nodes 
/^a^pThe primary label of nod/dj? updated as the cost of 
^fcepalh through node c is 3, wmcBis less than the existing 




land the initialized 
stored as the label 
further the restriction 
preclude the extension 
member of the serial 



path ad wiih a cost of 



4, i.e. label' 



«WH3, {abcd}))HiC 
foftbe 



path abed is allowable because node 
serial restriction group] Paths abce and abef are not allow- 
able by the subset inlrj nsitrvity (ar>d by the stronger subset 
sequence constraint) arid accordingly neither of these labels 
are changed. Specifically, because the serial restriction flag 
set at node c, node c a!nd node f are not updated. 
[0056] In a next iteration, Ihe label at ncK^^^s made 
permanent. The rtoddfcjuid f are the only nodcs^Cjacent to 
nod<(jJythat have labels in the priority queue. The backup 
label of uotfcTc) and ihe primary label of nodef may.J>e 
subsea^dySrpdatcgj^Thr rriroaixJabcJ of node 
changed to the labcuWfH 4 . {abediw Because nod 
not in the serial rcstn&b^a-gf^^ label paffils 

now extendible to a node in the group. Accordingly, Ibe 
restriction flag al uod&np, unset, and the backup label at 
no^ftJ: is reinitializedJlTTc procedure will not update label 
U^lv with the path abede if the subset scoucnp^nslraint 
t5The Stronger constraint, but will update labe ^Li(cj) if the 
subset sequence constraint is subset mtrarjsitmty. Tfn this 
example, the subset sequence constraint is the stronger 
constrainL, and accordmgly the backup label of nob^js not 
updated, specifically because nodcf2"K in the pa&of the 
label of nod<2) 3 ^ 
[0057] It will be noted that if the subset sequence con- 
straint is subset mtratisitiviiy, the 
r»TvW i p which theyjare processed! are: < 



&s<cw?r 



Jab}\J 
{abecic. 



am 

ends a backup lal 




^Wfceti the procedure 

let nodt^jlV ^CcH^^ {ab^^ gX> 
remains in the priority queue. 

Th* lajaJs ii^rhft priority queue are nOWas follows: 
- :X5, W ^H6 ,<abfoand 
U(d^e), and U(^ 0donse- 
quendy the next laBeS chosen is _ at node f. 'lne nackup label 
of node f is droppedJlej24»sc the restriction flag at node f is 
unset, and the latxrf^@^i made permanent. The adjacen- 
cies of node f witrun^ermancnt labels are node c and node 

Jnbrlr nm iipflaj^d as 




ijted as 



g. Accordingly the 

foUows\L(<?M 5 . {4 c<tt ?0 mfltitg H*, fo^ L. 
rcslriction^a^-reTlIa^IsnSctat nnd5£§) mid tue (mitjaEzed) 
backup label of nod<(je)is unchanged. No restriction flag is 
defined for nod^pasj nod^^is not in the serial restriction 

next made permanent, but the 
an adjacent nod<ne^already has 
irdingty is not changed. Next the 
is made pexmanent but as the 
le e, labc ^L^^ is retained in the 
Jy label in the paonpupieue of a node 
node^Whcn labcfLiG^is updated, 
because of an equ^t. Finally the 
^^^^ lepcnnancnt, lab^f L^eyis updated lo 

iabc ^J^e)^f;^abcd^e|j ;and the pro 




group. 

[0059] Thelabci 
only irnpermaoent 
a lower weight (5), 
primary label of n< 
restriction flag is set 
priority queue. The 
adjacent to nod^T* 
no chaage takesj 
label Ip£j22d$(g% m; 

[00<50] It should bejnotcd that the procedure can end at an 
earlier time. Specifically when a path (corresponding to a 
route) between a predefined set of nodes (representing 
respective NEs) has leen obtained, ihe procedure may end. 
An optimal path to a node is designated when the label is 
made permanent. 
[0061] The sccondjbc twork 9 provides another exemplary 
graph 19 to which u)e illustrated method may be applied. 
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The second graph 19 has two serial rc.slriclion groups, each 
associated with a respective subset sequence constraint- It 
will be noted that the two serial restriction groups are 
disjoint, and independently preclude allowance of respective 
paths. Starting again with a nod/Qhc primary label of node 
a is rttflric pvrmrmgni and the prufiary labcls^lffib Wl, {a bVfi 
^(c)=pJacQ)are updated. Subscqncm^T ™ 
" Jte backup label is dropped, and"! 



^Thc restriction flag is set at node 
is effectively reinitialized. The 




[0062] A next iteration makes the label ai node c perma- 
nent. The backup label at no<^)is^taincd in the priority 
queue- Tbe backup label at noo*J^^ not updated because 
aced is noj^allowable and the restriction flag is set ai nod£e£) 
and nod£ps not relabeled by the update because it already 
has a jpwcr cost route than an extension of the path through 
Jhe primary label of the path to nc*3«£ps 
aceg})^iVhilc the subset restriction flag is set at 
, f ,^-lT^!qrg\s TO a serial reStrictioaGTOup, the path 
is sruli^rrnittcd because nodVe^nd nod/gVc in different 
serial restriction groups (coire^onding to subnetworks 14a 
and 14fc, respectively). The primary label of nodef is the 
next label made permanent, resulrjQ&Jr; ^ndnG^being 
updated, which receives a labcl rj^(hjh(7, {acfhjj ) The 
backup label of node e is alsp^ u pdated and caangefl uom the 
initialized value ter^^adtejy 

[0063] In a subsequent iteration, the primary label of node 
i made permanent, its backup label i s drooped, and node 
fod nod£ T>e relabeled as foUowsQ^^^TJ^^JT) 
i0^K y > and restriction flags are set ai both of these 
"hoflCS- Nodejh/k also updated SO that tte restriction Haft is 
sc l and the laBela aredh aneed as f ollows flL , (bH^ i aceh \$ 
and ^ 2 (bX 7 > {* C A*FS depending on whether the subset 
sequence COislrault"xs the Stronger constraint or sutr~* 
Jntrjnsi^viiy, latetfl^cTJs not updated, or is updated to) 
tf^ej^ln this Example, the network is subject to 
siftangSrsubsct sequence constraint. 

[0064] Al this jun cnire 1 th e priority q ucup.contains the 
fotlnwini; Vdbek:1L [ (hH6 l {acch)», U(h)-(7, {uclh )}p 
( ^HMacfc}fa^^y 't>- ^ -^peM6M ?Br merely su bset 

intrarKUivej, {aceg^^ i^W ^ 1 

backup labels ofn^a^jSj^mr^ next 
iteration, the primary label of node£5}is therefore made 
permanent, but no labels can be updated as all imperma- 
nently labeled nodes adjacaot to nod^lre in the same serial 
restriction group as nudtQynd the restriction flag is set at 



ncKJ«/bJThe backup libel of nod<£h)is subsequently made 
permanent, and nock^S^s processed again via a secondary 



Subsequcnlf 



updatetfas follows M 1 
don flag remains sex atmc 




and its baaarp laoel 
primary label at node c is not of a higher cost than aj 
through node b extended to node c via be, and so labeC 
is not changed. In a next iteration, the label at node c is maOe 
permanent, its backup label is removed from the priority 
qiTTiir, ^T"J^n"mftry 1nbch of nodr Cmflnodc e are changed 
io $^(fH5, {actj ^ and (L.te)«t*4 T (aceTfr respectively. The 
re^c^EOag^ 501 at nodc c - Neither labeTL^c^iQr label 
<T*(!5js changed when node c is processed BETSusc oodcg^ 
SjaSalower cost primary label than lhal of the path tfrrouga 
noddflaiid because the path through noj^c/s not allowably 
extended, the secondary path to nod?troannot be updated. 
In a next iteration the primary labeTal nodV(5)Ls made 
permanent, its initialized backup label is retained, and no 
adjacent label is updated because the restriction flag is set at 
nod^cy and the only impermanent label of an adjacent node 
is at n^de^Jwhicn is in tbe same serial restriction group as 



in the same serial restriction group. The primary lab 
nod^C^s also updatcd'jbul results in no change. 

[0065] The backup Babe J of node e is next to be made 
permanent (if the subset sequence constrain I wpty subset 
irn^apsitivity, the ordcSr in which iabel^LaO 1 ), L^w/and 

rt^^are processed is dajpesenj, but nothing tLe chang ea 
prmary labels). I^e^L^^ cannot be updated as the path 
acfed (or equally acegcrjjis not allowably extended to a 
node in the serial rcsjkicrion group. The primary label of 
node i is next made permanent: its initialized backup label 
is retained, and again ilo other labejxan be imdatoibccause 
of the restriction flag Act at nodeTyLastiy nodgjjs made 
permanent, its still initialized backup label is also retained 
&odthe paqrity queue contains only backup labels for nodes 

< cCy aQ< ^J^A nc procedure therefore ends. 

*^6o66] The invention has therefore been described in 
terms of two vcrsiorw^or a procedure and two examples of 
an application of the procedures. The procedures compute an 
optimal path from a root node to other nodes in a graph 
compensating lor a sufisei sequence constraint, and therefore 
permit 1 ; the identification of optimal allowable routes 
through a network represented by tbe graph. 

[0067] The embodiments of the invention described above 
are intended to be cxcinplary only. The scope of the inven- 
tion is therefore mlen|ed to be limited solely by the scope 
of tbe appended claims. 



We claim: 

1. A method for computing an optimal route between a 
.first network element fNE) and other NEs of a network using 
a weighted graph of imerconnected nodes that represent the 
network, the optimafl route being subject to a subset 
sequence constraint associated with a serial restriction group 
in the weighted grapljj the method comprising: 

creating a list of temporary labels respectively associated 
with the nodes c| the graph, each node being assigned 
a primary label, and each node in the serial restriction 
group being additionally associated with a backup 
label, the list inrjjally comprising a mast Optimal pri- 
mary label nf a foot node that represents the first NE; 

cxarnining the list of temporary labels to identify a most 
optimal label, and making the identified Jabel perma- 
nent to remove s from the list; 



selectively updating primary labels in the list for every 
node adjacent th| permanently labeled node in order in 
ensure that the ((primary labels identify an optimal 
allowable path fijom the root node to the adjacent node; 
and | 

repeating the exarruning and selectively updating until all 
primary labels o| nodes representing the other NEs arc 
permanent. | 
2. The method as claimed in claim 1 wherein selectively 
updating further comprises: 

selectively uridating backup UbcJs in the list for every 
node adjacent tht permanent labeled node in order to 
ensure that the bSckup labels identify an optimal allow- 
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